Purpose: The debate is still ongoing on the effectiveness and safety of erythropoietin (EPO) treatment in orthopedic surgeries. Specifically, previous studies have not compared the dynamic change of hemoglobin (Hb) levels between different transfusion methods. Besides, complications or side effects of this alternative have not been quantitatively analyzed. We conducted a meta-analysis and systemic review to evaluate the efficacy of EPO on Hb levels observed during the whole perioperative period as well as the volume of allogeneic blood transfusion (ABT), the risk of venous thromboembolism, and application frequency of ABT in hip and knee surgery. Materials and methods: PubMed, Embase, Web of Science, and the Cochrane library were systematically searched from inception to November 2017. The data from randomized controlled trials were extracted and the risk of bias assessed using Cochrane's Collaboration's tool. Results: Twenty-five randomized controlled trials involving 4,159 patients were included in this meta-analysis. EPO could reduce exposure to allogeneic blood transfused (odds ratio [OR] =0.42, P=0.001) and reduce the average volume of allogeneic blood transfused (OR = -0.28, P=0.002). When EPO and preoperative autologous blood donation (PABD) were compared, the use of EPO was associated with lower exposure to ABT (OR =0.48, P=0.03), but no significant decrease in the average volume of allogeneic blood transfused (OR = -0.23, P=0.32). The use of EPO was associated with a higher level of Hb with or without use of PABD at all the 4 time points (preoperation, 24-48 hours postoperation, 3-5 days postoperation, discharge of last observation) (P,0.0001), which means EPO could increase the level of Hb significantly during the perioperative period. The results also indicated EPO does not increase the risk of a venous thromboembolism event. Conclusion: Preoperative administration of EPO was shown to generally increase Hb levels during the whole perioperative period; however, the extent of the positive effects varies with time points. Additionally, EPO minimizes the need for transfusion significantly in patients undergoing hip or knee surgery without increasing the chance of developing thrombotic complications. Therefore, EPO offers an alternative blood management strategy in total hip arthroplasty and total knee arthroplasty.
Introduction
Nearly every orthopedic surgery is associated with perioperative blood loss, thus necessitating a potential blood transfusion. Given the risk of transfusion reactions and infection transmission, alternatives have been searched to replace or reduce allogeneic red blood cell (RBC) transfusion. Preoperative autologous blood donation (PABD) is one of the alternatives which has been used in different types of surgeries such as total hip submit your manuscript | www.dovepress.com
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Li et al arthroplasty (THA) and total knee arthroplasty (TKA) to prevent allogeneic transfusion. 1 However, the application of this procedure is very limited due to the contraindications, which makes it greatly dependent on the health status of the patient. Treatment with erythropoietin (EPO) that is used to increase the level of hemoglobin (Hb) for many patients with internal diseases has been investigated by numerous clinical trials to assess if it could reduce perioperative autologous blood transfusion. However, debate still exists on the effectiveness and safety of this treatment in orthopedic surgeries.
Prior meta-analyses including randomized controlled trials (RCTs) [2] [3] [4] have shown that, in general, application of EPO is beneficial to postoperative allogeneic transfusion reduction as compared to the control group (those treated with placebo). However, 2 main questions that could determine the value of EPO in actual clinical usage still remain unresolved. First, due to limited number of RCTs included by prior meta-analyses, the safety of EPO has not been evaluated comprehensively, which means complications, especially venous thromboembolism (VTE), of this alternative have not been quantitatively analyzed. Second, when determining the efficacy of EPO in reducing the allogeneic transfusion, the main index of evaluation is the requirement for allogeneic blood transfusion (ABT). Few meta-analyses pay close attention to the Hb levels during the perioperative period, which could directly reflect the severity of anemia. To resolve these questions, we designed this new systematic review and meta-analysis. For the first question, this research included 10 studies; these studies provided more precise data about the occurrence of thromboembolism events in their populations, which made it possible for quantitative analysis. As for the second question, our hypothesis is that monitoring the postoperative Hb fluctuation, along with the various time intervals, would help to evaluate different transfusion methods precisely. Thus, in addition to pool-estimating the transfusion exposure rate, our meta-analysis placed a focus on whether EPO has effects on Hb levels at 4 specific time points: preop, 24-48 hours postop, 3-5 days postop, and discharge (last observation). Since the decision on whether a patient requires an ABT or not significantly relies on the time point during Hb level is measured, a meta-analysis on effects of EPO on Hb fluctuation at these specific time points may better define its efficacy in patients.
Materials and methods
Study selection
For this systematic review and meta-analysis, PubMed, Embase, Web of Science, and the Cochrane library were systematically searched from inception to November 2017. The following terms were used for searching: erythropoietin, EPO, epoetin alfa, epoetin beta, recombinant human erythropoietin, rHuEPO, THA, total hip replacement, orthopedic surgeries. Two reviewers independently performed the screening of titles, abstract, and full-text articles. Consensus in the selection process was reached through discussion. If consensus was not reached, a third reviewer was consulted.
inclusion and exclusion criteria
This systematic review included all adult patients (age .18) who were eligible for inclusion from studies that reported results of RCTs comparing the effects of EPO in the subjects and controls in an adult population undergoing orthopedic surgeries. The primary outcome was the number of patients exposed to allogeneic transfusion. The secondary outcome included the mean number of allogeneic RBC units transfused and the level of Hb during the preoperative period. Administration of EPO should start prior to surgery.
Studies that met any one of the following criteria were excluded: 1) duplicates; 2) nonrandomized clinical trials; 3) trials that included surgeries other than orthopedic surgeries.
Quality assessment
All the included trials were evaluated using Cochrane Collaboration's tool for assessing risk of bias in randomized trials and the Grading of Recommendations Assessment, Development and Evaluation Working Group grading scheme. The risk of bias of the RCTs is demonstrated in Figure 1 .
Data extraction
For each selected trial, the reviewers independently extracted study characteristics, and primary and secondary outcomes. Data shown only in figures or tables were extracted to numerical values, when possible; the data were extracted twice by 2 independent reviewers. After collection, data were checked, once again, and discrepancies were resolved.
Statistical analysis
Data were analyzed using Review Manager software (RevMan, version 5.3; The Cochrane Collaboration, London, UK). Mean ± standard deviation was used to calculate the weighted mean difference and 95% confidence interval.
Results
Characteristics of included studies
The initial literature search identified 180 articles. After removing duplicates, 119 articles were screened based on 
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The use of ePO in total hip and knee arthroplasty titles and abstracts, and 71 articles were excluded which were unrelated articles, research about other diseases, or noncontrolled studies. After full-text screening, 23 articles were excluded, 4 of which were from the same data samples, 2 of which were not RCTs and 18 articles did not report desired outcomes (Figure 2 ). Altogether, 25 RCTs involving 4,159 patients were included in this systematic review and meta-analysis (Table 1) . Among these RCTs, 8 trials compared patients that received EPO with those who did not. Eight trials compared patients that received EPO with those who received PABD. Eleven RCTs compared the effect of EPO plus PABD with PABD alone. This meta-analysis divided the trial participants into 3 subgroups: EPO alone versus no EPO, EPO versus PABD, and EPO plus PABD versus PABD alone. QUADAS (Quality Assessment of Diagnostic Accuracy Studies)-2 showed the quality of the including trials. Random sequence generation results showed that 16 studies described a random component in the sequence generation process and 8 studies did not show their sequence generation process. Thirteen studies described methods to conceal allocation, while 11 studies did not describe this clearly. The results showed 14 trials did not blind participants and personnel. Thirteen trials did not blind outcome assessment. Nine trials did not describe the random methods clearly. One research provided incomplete outcome data. All the studies shown, the study protocol, and all of the study's prespecified (primary and secondary) outcomes that are of interest in the review, have been reported in the prespecified way. In conclusion, QUADAS-2 reveals low risk of bias in the included studies ( Figure 1 ).
Requirements for ABT
Comparing EPO group with the control group, the use of EPO resulted in a lower proportion of patients who needed ABT (odds ratio [OR] =0.41, P,0.0001) and lower volumes of allogeneic blood transfused (OR = -0.45, P=0.0002) (Figures 3 and 4) . When comparing EPO and PABD, the use of EPO was associated with lower exposure to ABT (OR =0.48, P=0.03), but no significant decrease in the average volume of allogeneic blood transfused (OR = -0.23, P=0.32). In the subgroup of EPO plus PABD versus PABD, combined application of EPO and PABD leads to a lower proportion of patients who needed ABT (OR =0.42, P=0.0001), while injection of EPO caused no significant difference in the average volume of allogeneic blood transfused (OR = -0.13, P=0.09). After taking all studies into consideration, EPO could reduce the exposure to allogeneic blood transfused (OR =0.42, P=0.001). Meanwhile, it could also 
Hb at different time points
Fifteen trials gave accurate information about the Hb levels during the perioperative period. We extracted and compared the level of Hb at different times in different subgroups in order to investigate whether the use of EPO could make a dynamic change. We summarized and observed the level of Hb at 4-time points: preop, 24-48 hours; postop, 3-5 days postop; and discharge (last observation). No matter what time we tested the value of Hb, using EPO contributed to a higher level of Hb with or without use of PABD (P,0.0001), which means EPO could increase the level of Hb significantly during the perioperative period. All 4 comparisons showed high heterogeneity (I 2 .50), which could not be reduced by the preplanned sensitivity analysis to exclude low-quality trials ( Figures 5-8 ).
THA or TKA requirement for allogeneic blood
To further explore the different effects of EPO in various surgery types, we analyzed the number of patients who had ABTs in the TKA and THA groups. The results showed that there were no significant differences between EPO and control group in TKA (P=0.07) but EPO could reduce the exposure of ABT in THA (P=0.007). These results indicate that more RCTs are needed to figure out whether EPO would have different effects in various surgery types ( Figures 9 and 10 ).
The risk of vTe
The occurrence of thromboembolism events has only been precisely recorded in 10 trials regarding the use of VTE prophylaxis. Although there were no enough data in the subgroup to compare the risk of VTE in EPO group and PABD group, we put all the studies together and found no 
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The use of ePO in total hip and knee arthroplasty Abbreviations: ePO, erythropoietin; Hb, hemoglobin; Hct, hematocrit; iv, intravenous; N/A, not applicable; PABD, preoperative autologous blood donation; rHuePO, recombinant human erythropoietin; SC, subcutaneous; THA, total hip arthroplasty; TKA, total knee arthroplasty.
significant differences with or without use of EPO (P=0.17).
As a result, we can conclude that EPO does not increase the risk of a VTE event ( Figure 11 ).
Discussion
EPO is a glycoprotein hormone produced by the kidney which regulates erythropoiesis by stimulating the EPO receptors. Recombinant human EPO has been used successfully for over 20 years to treat anemia in millions of patients. As anemia is a common feature of many diseases, erythropoiesisstimulating agents have been potential therapeutic strategies for anemia management. Subjects with chronic kidney disease (CKD) often develop anemia because of decreased production of EPO resulting in insufficient erythropoiesis. As anemia is a significant, prognostic parameter in the development of CKD, the treatment of anemia in CKD patients by stimulating erythropoiesis with recombinant human EPO or other erythropoiesis-stimulating agents will be of great importance. 5, 6 Although EPO has been used to treat renal anemia for nearly 2 decades, debate persists over the optimal target Hb level. Erythropoiesis-stimulating agent studies have shown that augmentation of Hb to 10-11 g/dL is associated with clinical advantages. However, it has not been proven that intensified Hb .11 g/dL utilizing exogenic EPO translates into a comprehensive benefit for the patients. 5, 7 New developments promise interesting therapeutic options not only by stimulating erythropoiesis but also by modulating additional mechanisms. In addition to erythropoiesis, EPO has also been reported to have other effects, such as tissue protection and neuroprotection. EPO has demonstrated neuroprotective effects in spinal cord ischemia. EPO-mediated induction of the CREB pathway and production of neurotrophins is associated with improved neurologic function and increased neuronal viability following spinal cord ischemia/ reperfusion. [8] [9] [10] Besides, preclinical studies indicated that EPO may improve outcome after traumatic brain injuries, including in neuroprotection and anemia treatment. 11 However, clinical trials do not support this view well. EPO did not reduce the number of patients with severe neurological dysfunction (GOS-E level 1-4) or increase the incidence of deep venous thrombosis of the lower limbs. Furthermore, the effect of EPO on mortality remains uncertain. In sum, 
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The use of ePO in total hip and knee arthroplasty more studies are needed to clarify therapeutic mechanism and of EPO.
TKA and THA are associated with considerable blood loss and the subsequent need for transfusions. 12 Since recipients of allogeneic RBC transfusions remain at risk for febrile, allergic transfusion reactions and potentially high rates of postoperative infection; 13 clinicians have been seeking a bloodless preoperative therapeutic modality aimed at improving clinical outcomes by reducing these adverse effects. PABD is a way to avoid ABT, but approximately 44% of the predonated autologous units are discarded 14 and roughly 14% of patients who predonate still require ABTs. 15 Various studies report that this is an effective method to increase preoperative Hb levels and reduce the frequency of transfusions following 
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Li et al Figure 4 Units of allogeneic blood transfused. Abbreviations: ePO, erythropoietin; PABD, preoperative autologous blood donation.
-100 -50 TKA. However, evidence for the exclusive use of one of these preoperative blood management strategies individually is controversial. In this study, we analyzed the subgroups to evaluate the effectiveness and safety of EPO including EPO versus no EPO, with or without PABD. The results indicated that the preoperative use of EPO in patients undergoing THA or TKA could significantly reduce the number of patients who were exposed to ABT, with or without PABD. Comparing EPO to PABD, EPO could reduce the number of patients undergoing ABT more efficiently (P=0.03). The results show significant differences between previous studies. 2 We also analyze the units of ABT from different groups. The units of ABT could be reduced by using EPO alone as compared to control group (placebo). However, there was no significant difference between using EPO compared to PABD (P=0.32). The combined use of EPO and PABD showed no significant difference from using PABD alone (P=0.09). Another important outcome of this meta-analysis was the evaluation of Hb levels at different time points. We collected data on the Hb levels before operation, in the early postoperative stage (24-48 hours postoperation), late postoperative stage (3-5 days postoperation), and at discharge/last observation. The analysis showed that EPO could increase Hb levels at different times among all subgroups with or without PABD. These results indicated that EPO should be recommended during the preoperative period. Preoperative anemia has been associated with increased risk of ABT and postoperative morbidity and mortality. 16 The higher level of Hb after surgery may avoid the risk of anemia, shock, myocardial infarctions, and other adverse effect. 17 This systematic review and meta-analysis collected RCTs published from inception to November 2017 by searching PubMed, Embase, Web of Science, and the Cochrane library. The subjects included in this study were 18-85 year old males and females. The protocols of EPO and PABD are displayed in 
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The use of ePO in total hip and knee arthroplasty to the comparison of the baseline data of the 2 groups, for example, age, gender, etc., the results show comparability between the groups. Thus, we know that at least these factors are not predisposing factors. Whether there are any factors that have not been reported is currently unknown. However, it is certain that EPO has the effect of promoting erythropoiesis and has applications in many diseases. Therefore, the positive impact of EPO in orthopedic surgery patients can be explained by the effect of EPO. In reviewing these clinical studies, we discovered several experimental design deficiencies. Through this article, we hope that future research will focus on and improve the following aspects. First, the health status of the population included should be assessed more precisely. As mentioned above, due to the potential therapeutic effect of EPO on anemia-induced factors such as diabetes, nephropathy, and neurological diseases, patients with these diseases should also be excluded. Second, endogenous EPO may be a very important indicator which may impact the therapeutic effect of exogenous EPO. However, current studies lack data on monitoring of endogenous EPO. In subsequent studies, endogenous EPO values should be included as part of the inclusion criteria to reduce selection bias. Third, there are some risk factors that have been recognized that greatly increase the risk of VTE in patients, such as advanced age, prolonged braking (paralysis), and malignancy. Several studies have confirmed that the increase in age is associated with an increased risk of VTE. Patients over 40 years of age are at significantly increased risk in developing VTE compared with younger patients, and risk approximately double with each subsequent decade. 18 There are other factors that reduce the incidence of VTE, such as prophylactic anticoagulant therapy. On account of the low rate of VTE that occurred during the perioperative period, we only summarized 8 trials, which explicitly reported that VTE occurred during these studies but that there was no difference between EPO and the control groups (P=0.20). However, the main factor affecting VTE is preventive anticoagulant therapy. As most patients would receive anticoagulant prophylactic treatment during the perioperative period, the incidence of VTE may therefore decline. As the included studies spanned from 1993 to 2016, the use of prophylactic anticoagulants would have also been changed. Therefore, the risk of VTE may also decrease with the improvement of anticoagulant drugs, thus masking the potential induced risk of EPO. Subsequent RCT studies need to provide detailed explanations of anticoagulation methods in order to better analyze the issue of VTE. 
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The use of ePO in total hip and knee arthroplasty Combining this study with past related research, we propose some suggestions. The administration of EPO would improve patients' symptoms and quality of life by increasing Hb. In view of the potential therapeutic effect of EPO in CKD and other anemic diseases, we consider that patients should be administered, combined with anemia-induced diseases, preoperative EPO. In consideration of potential risks like tumorigenesis, patients with tumor should be more cautious in choosing methods of blood management. Future studies will require more detailed stratification of the populations and better formulation of dosing regimens based on EPO's own physiological characteristics.
Limitations
This meta-analysis has some limitations. The first limitation was the heterogeneity of the included trials was relatively 
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The use of ePO in total hip and knee arthroplasty high. After analysis of the subgroups, the heterogeneity decreased to some degree. As Hb values show a great diversity in normal people, we deduce that this may contribute to the high heterogeneity. Meanwhile, the different type of surgeries and treatment plans may be another reason. After grouping by operation type, TKA and THA, we analyzed the number of patients that received ABT. But there were no enough data to make further analysis. The second limitation was the lack of detailed data for each RCT, which resulted in insufficient data to investigate the impact of EPO on the postoperative recovery or surgical outcomes. The third limitation was the lack of cost analysis because only 2 RCTs concluded the precise information about the cost of the different strategies. However, optimal dosing and duration of EPO therapy remains uncertain as there are potentially important modifiers to its efficacy such as postoperative inflammation and the availability of iron stores. Iron supplementation is indeed a commonly used method during the perioperative period. When we extracted the literature data, we originally planned to conduct a subgroup analysis on iron supplementation. However, the iron supplementation methods and protocols used in different studies differ greatly. Therefore, it is difficult to perform subgroup analysis. Fortunately, each experiment had chosen the same iron supplementation protocol for experimental and control groups. As a result, iron supplementation will not affect the analysis of EPO. Since this study was designed to mainly focus on the role of EPO, iron supplementation was not analyzed. Further studies can be designed to investigate whether iron supplementation would affect the therapeutic effect of EPO. Although iron supplementation is a commonly used method during the perioperative period, many studies did not show whether iron supplementation would have an influence on the effects of EPO. Also, the dosage of iron was not clarified in most of the included studies. Further studies on this issue are needed.
Conclusion
Preoperative use of EPO can increase pre-and postoperative Hb levels and decrease the need of ABT in patients undergoing THA or TKA. The effect of EPO is better than using PABD alone, and the combined use of EPO and PABD exerts the best effect in reducing the risk of exposure of ABT than using PABD alone. Further studies should focus on the appropriate perioperative blood management of TKA and THA. 
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